A convenient, economical and green approach to the synthesis of 1H-indazolo[1,2-b]phthalazine-1,6,11-trione derivatives has been achieved via a one-pot protocol using phthalhydrazide, a cyclic-β-diketone and an aldehyde in the presence of a ceric ammonium nitrate catalyst in polyethylene glycol. The simple work up, mild conditions, excellent yields, inexpensive and non-toxic catalyst and simple solvent recyclability render this protocol both attractive and economically viable. 
Multi-component reactions (MCRs) offer a number of fascinating and challenging transformations in organic synthesis [1] [2] [3] [4] [5] [6] [7] . Atom-economy, convergent character, operational simplicity, structural diversity, and complexity are the major advantages associated with multi-component reactions. Furthermore, multi-component reactions are emerging as a powerful tool for the synthesis of biologically important compounds [8, 9] . In drug discovery, as well as "Green Chemistry", MCRs are the techniques of choice for the high-throughput synthesis of compounds from a cost-and time point of view [10, 11] .
Over the past few decades, a tremendous upsurge of interest has been observed in the synthesis of nitrogencontaining heterocyclic compounds, owing to their abundance in nature and essentiality to life. Their applications to biologically active pharmaceuticals, agrochemicals, and functional materials are also becoming increasingly important [12] [13] [14] [15] [16] . Phthalazine derivatives, that comprise two bridgehead nitrogen atoms in a fused ring system, have attracted considerable attention because of their pharmacological, and biological properties, and potential clinical application [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . These compounds have also proved to be promising luminescence materials and fluorescence probes [35] . Several methods have been reported for the synthesis of phthalazine derivatives [36] [37] [38] [39] [40] [41] . Unfortunately, many of these methods are plagued with a number of limitations, such as harsh reaction conditions, unsatisfactory yields, tedious work-up procedures, relatively long reaction times, poor solvent scope and the use of stoichiometric and relatively expensive reagents. Therefore, improved methods, in terms of operational simplicity, reusability and economic viability are highly desirable.
Recently, ceric ammonium nitrate (CAN) has been utilized for various organic transformations [42] [43] [44] [45] . The most characteristic feature of CAN is that it can act as a watercompatible Lewis acid in aqueous solvents. Additionally, advantages such as low-cost, eco-friendly nature, ease of handling, non-toxic nature make CAN an attractive catalyst for a variety of synthetic transformations. Regulatory pressures are increasingly focusing on the use, manufacture and disposal of organic solvents, and thus, the development of non-hazardous alternatives (one of the several goals for green chemistry and engineering) is vitally important for the continued and sustainable development of the chemical processes. Recently, polyethylene glycol (PEG) and solutions thereof have been introduced as potential green solvent systems [46] [47] [48] . They have replaced a number of other "neoteric solvents", such as ionic liquids, super critical carbon dioxide, and micellar systems, whose toxicological properties, short and long-term hazardous nature, and biodegradability are not completely understood. Their low cost, reduced flammability, reduced toxicity, recyclability, non-halogenated composition, easy degradability, and miscibility with wide variety of organic solvents are just some of the key features that render PEG an attractive alternative solvent in organic synthesis [49] [50] [51] [52] [53] . Keeping within our theme of green chemistry and in a continuation of our studies for the development of cheap and environmentally benign methodologies for organic synthesis [54] [55] [56] , we decided to examine the versatility of CAN as a catalyst and PEG 400 as solvent for the synthesis of 1H-indazolo[1,2-b]phthalazine-1,6,11-triones.
Experimental

Materials and methods
All chemicals were used as received from Sigma-Aldrich without any further purification. All reactions were monitored by thin-layer chromatography (TLC), using aluminium plates coated with silica gel F 254 ; (Merck) using ethyl acetate, and hexane (40/60) as eluent. Spots were visualized using either UV light or an iodine chamber. Melting points were determined in using a Thomas Hoover melting point apparatus (uncorrected). IR spectra were recorded on a Perkin-Elmer FTIR-1710 spectrophotometer, using KBr pellets/-nujol film.
1 H and
13
C NMR spectra were recorded on a JEOL JNM-ECX 400P FT NMR spectrometer with TMS as the internal standard. Chemical shifts are on a δ scale and coupling constant values (J) are in Hertz (Hz). Elemental analyses were performed on a Hereaus CHN rapid analyzer. The temperature of the reaction mixture was measured using a non-contact infrared mini gun thermometer (AZ minigun type, model 8868).
1.2
General procedure for the synthesis of 1H-indazolo[1,2-b]phthalazine-1,6,11-trione derivatives To a 50 mL round-bottom flask, phthalhydrazide 1, aldehyde (RCHO) 2a2q, cyclic β-diketone 3a (C 6 H 8 O 2 ), 3b (C 8 H 12 O 2 ) and PEG 400 (2 mL) were added. CAN (5 mol%) was then added and reaction mixture was stirred at 50°C for the appropriate time, as summarized in Table 1 . The progress of the reaction was monitored by TLC. Upon completion of the reaction, the mixture was cooled in a dry ice-acetone bath, to precipitate the PEG 400, and extracted with ether (PEG is insoluble in ether). The ether layer was decanted, dried over anhydrous Na 2 SO 4 and concentrated under reduced pressure to afford the desired product. The crude product was purified by column chromatography on silica gel (100-200 mesh size), using hexane/ethyl acetate as eluent. This provided the pure respective 1H-indazolo[1,2-b]phthalazine-1,6,11-trione derivative, (4a-4s). The recovered PEG 400 phase was reused for consecutive reactions. All products were characterized on the basis of their spectral analysis (IR, 1 H NMR, 13 C NMR and elemental analysis) and melting point determination [37, [57] [58] [59] [60] . Hexyl (2q) Me 4s 4 63 a) Reaction conditions: phthalhydrazide 1 (1 mmol), aldehyde 2a-2q (1 mmol), cyclic β-diketone 3a, 3b (1 mmol); catalyst: CAN (5 mol%); T: 50°C; solvent: PEG 400 (2 mL). b) Isolated yields.
Spectral data for the synthesized compounds
(1) 2,3,4,13-Tetrahydro-13-phenyl-1H-indazolo[1,2-b]phthalazine-1,6,11-trione (4a 
Results and discussion
Initially, equimolar amounts of phthalhydrazide 1, benzaldehyde 2a and cyclohexane-1,3-dione 3a were stirred at ambient temperature in ethanol. After 22 h, yields of only 36% were obtained. To both improve the yield and optimize the reaction conditions, various Lewis acids were screened in a model reaction and the best yield was obtained using CAN as a catalyst (Scheme 1). The results are tabulated in Table 2 .
A study was then done to determine the optimal loading of CAN. The reaction was carried out with varying amounts of catalyst, in the synthesis of 4a. With 2 mol% CAN, under similar conditions, a significant improvement was observed and the yield of 4a was dramatically enhanced to 68% after stirring the mixture for 8 h (Table 3 , Entry 2). Upon increasing the loading to 5 mol%, a decreased reaction time of only 2 h was required, and the product yield increased remarkably from 68% to 94% (Table 3 , Entry 3). Although required reaction time remained the same upon using 10 mol% CAN, the yield actually decreased from 94% to 76% (Table 3 , Entry 4). A possible explanation for this lower product yield, is that the substrate (aldehyde) or product may be destroyed in the presence of excess amounts of CAN (10 mol%). This shows that the catalyst concentration plays a major role in the optimization of the product yield.
The effect of temperature was also evaluated for the model reaction. The reaction proceeded poorly at room temperature. Elevating the reaction temperature proved helpful and the yield of the desired product 4a increased considerably. We were pleased to find that the reaction proceeded smoothly, and to almost complete conversion at 50°C, affording 4a in 94% yield within 2 h. Increasing the temperature beyond 50°C, reduces the product yield due to the oxidation of the reactant (aldehyde) by CAN at high temperature. To assess the reaction efficiencies in different solvents, a variety of solvent systems were screened using the model reaction. The results are summarized in Figure 1 . PEG 400 is the optimal solvent for this reaction giving excellent yields.
The optimum conditions for the model case were then applied to various aromatic and aliphatic aldehydes as shown in Table 3 . Aromatic aldehydes with both electron-donating and electron-withdrawing substituents proceeded smoothly to give excellent product yields. They also required reduced reaction times compared to aliphatic aldehydes, which reacted slowly to give only moderate yields (Scheme 2, Table 1 , Entries 1-15). It is noteworthy that until now there has only been one report on the synthesis of 1H-indazolo[1,2-b]phthalazine-1,6,11-triones using aliphatic aldehydes [57] .
To establish the recyclability of the PEG 400, the reaction mixture was kept in a dry ice-acetone bath to precipitate the PEG 400. The desired product was extracted with solvent ether, in which the PEG 400 is immiscible. The remaining PEG 400 phase was reused in subsequent reactions. The reaction proceeded cleanly, exhibiting consistent results for up to four runs. A weight loss of approximately 5% was observed from cycle to cycle because of mechanical losses. 
Conclusion
A novel and efficient catalytic method has been developed for the preparation of 1H-indazolo[1,2-b]phthalazine-1,6,11-trione derivatives, using a ceric ammonium nitrate catalyst. The notable features of this clean one-pot procedure are the mild reaction conditions, improved yields, enhanced reaction rates, solvent recyclability and operational simplicity. This protocol represents a useful and attractive process for the synthesis of 1H-indazolo[1,2-b]phthalazine-1,6,11-trione derivatives. 
